Measurement of cytosolic free magnesium ion concentration by 19F NMR.
Fluorinated derivatives of the chelator o-aminophenol-N,N,O-triacetic acid (APTRA) have been developed, synthesized, and analyzed for use as 19F NMR indicators of free cytosolic magnesium concentration. Magnesium dissociation constants for the 4-fluoro, 5-fluoro, and 4-methyl-5-fluoro species were determined to be 3.1, 0.9, and 0.6 mM, respectively, on the basis of UV absorption measurements at 37 degrees C in 115 mM KCl and 20 mM NaCl, pH 7.1, buffered with 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid-tris-(hydroxymethyl)aminomethane. The corresponding pK values, which reflect protonation of the nitrogen atom, were determined by 19F NMR to be 4.15, 5.45, and 5.55, respectively, so that the chelators are insensitive to pH variations near the normal physiological range. The dissociation constants of these chelators for calcium ions are lower than those for magnesium but roughly 2-3 orders of magnitude above typical basal cytosolic free calcium levels, so that calcium ions will not interfere with the determinations of magnesium levels. 19F NMR studies carried out at 339.7 MHz indicate that magnesium ions are in slow exchange with the 5-fluoro and 4-methyl-5-fluoro APTRA derivatives and in fast exchange with the 4-fluoro APTRA derivative. In contrast, calcium ions were found to be in intermediate to fast exchange with all chelators. The apparent anomaly of higher thermodynamic stability of the APTRA complexes for calcium relative to magnesium but lower kinetic stability (higher k-1 values) for the calcium complexes reflects the very different association rates for the two ions. Thus, the magnesium association rates are 3 orders of magnitude slower than those for calcium ions.(ABSTRACT TRUNCATED AT 250 WORDS)